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APPARATUS AND METHOD FOR 
ASSESSING MARKET CONDITIONS 

Background of the Invention 

[0001] This invention relates to a technique for 
5 assessing the condition of a varying system such as a 
broadly- traded market, which may be a public financial 
market. More particularly, this invention is a 
technique for determining the state of a market price 
relative to a normative value, and whether such price 

10 is likely to change or to remain about the same. 

[0002] It has been theorized that, absent undue 
influences, such as collusion within a market, price 
movements within that market should follow a normal 
distribution typical of purely random events. That is, 

15 it has been expected that if the frequency at which any 
given normalized or percentage price change occurs is 
plotted in a histogram as a function of price change, 
the result would be a Gaussian curve -- i.e., the 
familiar bell curve represented by the formula: 

20 f (x) = (23to) "- 5 exp(- ( (x-ji) 2 /2c 2 ) ) , -oo <x <«, 

The interpretation of such a curve in the context of, 
for example, the United States equity markets, as 
typified by the New York Stock Exchange, or other 
securities or contract markets, is that most often, 

25 price changes are zero -- i.e., prices tend to remain 
where they are, small and moderate increases or 
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decreases are the next most frequent occurrences, and 
very large increases or decreases are vanishingly rare. 
[0003] Models used to predict stock market activity 
have tended to be based on the assumption that price 
5 change activity follows a normal distribution. 

[0004] However, empirical observations show that the 
actual curve is a distorted bell curve. Specifically, 
the peak is taller than expected, meaning prices stay 
about the same even more often than would be expected 

10 from purely random changes, and narrower than expected, 
meaning that the frequency of moderate increases or 
decreases is less than expected, and the "tails" of the 
curve --in the ranges that would be expected to be 
statistically insignificant -- have unexpected bulges, 

15 meaning that extreme increases and decreases happen 
more frequently than expected. 

[0005] These variations of market behavior from 

expected norms lead to the failure of the known models 
for market assessment and prediction. 
20 [0006] It would be desirable to be able to develop a 

model of market price change activity that explains the 
non-normal price change distribution of such activity, 
and to provide a technique for market assessment and 
prediction based on such a model. 

25 Summary of the Invention 

[0007] It is an object of the present invention to 

develop a model of market price change activity that 
explains the non-normal distribution of such activity, 
and to provide a technique for market assessment and 

3 0 prediction based on that model. 

[0008] The invention is based on the proposition 

that if there are no undue outside influences on a 
financial market, and there is no collusion within the 
market, prices can be expected to be haphazardly pushed 

35 about so as to oscillate around a mean in a manner 
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predicted by Brownian motion. A particle subject to 
Brownian motion is pushed around by the random motions 
of neighboring particles, and takes time At to move 
throughout a circular two-dimensional area of radius r, 
5 and can be expected to take 4At to cover the circular 
area of radius 2r (including the original area of 
radius r) because that area is four times the original 
area (an r- squared relationship) . The same is true of, 
e.g., stock prices -- if prices move within a range Ap 

10 during a time interval At, then during the ensuing 3At 
(for a total elapsed time of 4At) , prices should move 
erratically or haphazardly within a range of magnitude 
2Ap (i.e., it takes four times as long to move twice Ap 
as it takes to move once Ap) . If in fact the range of 

15 price movement during the longer interval is smaller 
than twice what it was during the shorter interval, 
then there is some other influence, such as a congealed 
group of buyers or sellers, who may be acting 
independently or colluding, whose collective buying 

2 0 and/or selling acts to push or constrain price in a 

particular direction, and the price movement is in a 
congestion situation. On the other hand, if the range 
of price movement during the longer interval is larger 
than twice what it was during the shorter interval, 
25 then there is some other influence such as the 

aforementioned congealed group of buyers or sellers, 
and the price movement is in a trend situation. In a 
trend situation, the absolute magnitude of the price 
will reveal whether the trend is an upward trend or a 

3 0 downward trend. Note that it is not necessary to use a 

longer period that is four times the shorter period; 
rather, any longer period can be used, and the range of 
expected movement is proportional to the square root of 
the ratio of the durations of the longer and shorter 
35 periods. For example, if the longer period is nine 
times the shorter period, the expected range of 
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movement in the longer period would be three times the 
range of movement in the shorter period. 
[0009] This relationship should hold regardless of 
the absolute magnitude of the time periods involved. 
5 Thus, using the four -to-one ratio, the movement over 
the last four minutes should be twice the movement that 
occurred in the one-minute interval between four 
minutes ago and three minutes ago, just as the movement 
over the last four hours should be twice the movement 

10 that occurred in the one-hour interval between four 

hours ago and three hours ago and the movement over the 
last four days should be twice the movement that 
occurred in the one-day interval between four days ago 
and three days ago. By continually monitoring price 

15 changes, one can continually compute, based on any time 
interval or intervals one chooses, whether the market 
is in a trend situation or a congestion situation. One 
can choose to monitor only the previous four minutes, 
or only the previous four hours, or both the previous 

2 0 four minutes and the previous four hours, or days, or 

months, or years, or any other combination. 
[0010] Instead of, or in addition to, monitoring the 
range of prices during an interval and treating that 
interval as the longer interval, going back and taking 
25 the first quarter of that interval as the shorter 
interval, one could determine the range during an 
interval and treat that interval as the shorter 
interval. From that range measured during the shorter 
interval one could predict the expected range during 

3 0 the ensuing longer interval of which the shorter 

interval is a part. For the remainder of the longer 
interval one could simply monitor the actual price at 
each moment during the longer interval, looking forward 
instead of waiting for the interval to be completed and 
35 looking backward to calculate the actual range. If the 
price moves outside the expected range, then clearly 
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the magnitude of the actual range is going to be larger 
than that of the expected range, and one can assume 
that a trend has begun without having to determine what 
the actual range is. If the actual price is within the 
5 expected range, however, it may remain within a smaller 
range (indicating congestion) , so in that case it would 
be necessary to wait until the longer interval is 
complete and determine the actual range. 
[0011] As an alternative to the " square -root -of - 

10 time" relationship just described, one could compare 
price movements against a generated Brownian motion 
standard. Such standards are increasingly common in 
personal computers, in which they may be provided in 
the form of a separate chip the output of which is 

15 based, e.g., on fluctuations of chip temperature, and 
are provided to facilitate encryption algorithms. If 
such a standard is used, then the time intervals for 
which price changes are measured can be arbitrary. 
[0012] Because price ranging is subject to an 

2 0 r- squared relationship (as discussed above) , price 

ranging can be compared to a planetary orbit, which is 
also governed by an r- squared relationship (i.e., 
gravity) , with the core force exerted by the star 
around which the planet orbits. When a planet is 

25 orbiting about a star with no influence other than the 
inverse- square force of the star, the planetary orbit 
will be circular. However, for known planets there is 
always another influence, which is the net 
gravitational force exerted by the rest of the 

30 universe. Where there is such a second influence, the 
planetary orbit becomes distorted into a familiar 
elliptical shape, with the planet moving fastest when 
it is near its star, slowest when it is furthest from 
its star, and at its prior medium or undistorted speed 

35 somewhere in between. 
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[0013] Following this analogy, price ranging can be 

considered as following an elliptical orbit, with the 
core influence stemming from the Brownian motion force 
exerted by the bulk of buying and selling -- i.e., the 
5 "star" around which price ranging (the "planet") 

orbits. The disturbing force is the congealed group of 
buyers or sellers trying to move the price concertedly 
in one direction (either up or down) . This orbital 
analogy teaches us first that every trend must be 

10 followed by a congestion period -- and vice-versa -- 
because the orbit is closed, unless the outside 
influence is so great that the orbital ellipse opens up 
to a parabola or hyperbola, in which prices fly off one 
end, "crash," and do not automatically return (e.g., in 

15 October 1929) . Moreover, by fitting price change data 
to an ellipse, one can determine the shape of the 
ellipse and where on the ellipse price ranging 
currently is. Using Kepler's Laws of planetary motion, 
which postulate that an orbiting planet will sweep out 

2 0 equal areas in equal times, and knowing how long the 
market price ranging took to move between the plotted 
points, one can determine when the market price ranging 
will move from its current condition to a different 
condition -- i.e., if market price ranging is in a 

25 trend, when it will move into a congestion period, and 
if market price ranging is in a congestion period when 
it will break out into a trend. 

[0 014] Although the invention has been described 
thus far with regard to market price data, it can be 

30 applied to other financial data, or to non-financial 
data such as biological or meteorological data. 
[0015] Because time continues to move forward, while 

one is performing the calculations for a selected 
interval, the four- time-unit window is moving. 

35 Depending on the granularity chosen, one must soon 
begin the next calculation. For example, if one is 



calculating based on a four-hour window, one may want 
to sample that four-hour window every ten minutes, or 
every minute, or perhaps only once an hour. If the 
sampling is too infrequent, one may miss the turning 
5 point between a trend and congestion, or vice-versa. 

But if the sample is too frequent, it may simply add to 
the computational burden with little gain of useful 
data. Thus, sampling the previous four hours every 
second may be too frequent, but sampling the previous 
10 four hours only every two hours may not be frequent 
enough. Sampling every minute would appear to be a 
practical approach. 

[0016] In any event, all of this continual 

recalculation of the four- time-unit data requires 
15 significant computing resources. In accordance with 
another aspect of the invention, those computing 
resources are provided by all of those using the method 
of the invention. As part of a subscription to the 
data feed produced by the method, a subscriber 

2 0 preferably would agree to accept a distributed portion 

of the data to be analyzed and to have his or her 
computer perform the analysis. One way that this could 
be done would be to have the analysis performed only 
while the subsriber's computer is idle, such as by a 
25 program that operates when the computer is in "screen 
saver" mode. In one embodiment of such distributed 
computing system, a subscriber would have the option of 
whether or not to make his or her computer available, 
with those subscribers who make their computers 

3 0 available receiving a discounted subscription rate as 

compared to those subscribers who do not make their 
computers available. 
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[0017] The above and other objects and advantages of 
the invention will be apparent upon consideration of 
the following detailed description, taken in 
5 conjunction with the accompanying drawings, in which 
like reference characters refer to like parts 
throughout, and in which: 

[0018] FIG. 1 is an example of Brownian motion of a 
particle in a shallow dish of liquid; 
10 [0019] FIG. 2 is a graph comparing the ranging of 
stock prices to Brownian motion; 

[0020] FIG. 3 is a graph showing greater ranging of 
stock prices than would be predicted by Brownian 
motion; 

15 [0021] FIG. 4 is a graph showing less ranging of 

stock prices than would be predicted by Brownian 
motion; 

[0 022] FIG. 5 is a plot comparing the ranging of 
stock prices to a planetary orbit; 
20 [0023] FIG. 6 is a schematic block diagram of an 

exemplary hardware system with which the invention can 
be used; 

[0024] FIG. 7 is a graph comparing the ranging of 
stock prices to a Gaussian bell curve produced by a 
25 Brownian motion standard; 

[0025] FIG. 8 is a plot showing ranging of prices 
along the orbit plotted in FIG. 5; and 
[0026] FIG. 9 is a representation of a preferred 

output display produced by the invention. 

3 0 Detailed Description of the Invention 

[0027] As described above, the present invention 
allows one to monitor changing data over time 
intervals, and to determine, from the change of the 
data during the interval, the present state of the data 



relative to normative value, and how the data are 
likely to change in the future or, more specifically, 
whether or not current patterns in the data can be 
expected to continue. The types of data for which the 
5 invention will operate are those types where a datum is 
pushed about in various directions by forces governed 
by a relationship based on the inverse power of the 
number of degrees of freedom, much like the motion of a 
small particle suspended in a thin layer liquid, being 

10 pushed about by invisible collisions with molecules of 
the liquid which, as a two-dimensional system, is 
governed by an inverse- square law (a three-dimensional 
system would be governed by an inverse -cube law) . 
Thus, a stock price, whose measurements over time 

15 represent a two-dimensional system, does not change 

purely randomly, as has been believed, but moves based 
on "collisions" with orders from buyers and sellers who 
are buying and selling predominantly haphazardly. 
[0028] The invention will now be explained with 

20 reference to FIGS. 1-9. 

[0029] FIG. 1 shows the movement of a particle 10 in 
a Petri dish 11 filled with a thin layer of liquid 12 . 
In a first time interval At, the particle moves 
throughout the area of the circle 13 of radius r. The 

25 area of the circle 14 of radius 2r is four times the 
area of circle 13. Therefore, the time necessary for 
the particle 10 to move throughout the area of 
circle 14 is four times At, or 4At . This longer time 
interval includes the initial time interval At (insofar 

3 0 as circle 13 is wholly within circle 14) , and thus 
concludes 3At after the end of the initial time 
interval At . 

[0030] FIG. 2 is a graph of stock price changes over 

time. Instead of circles of radii r and 2r, what is 
3 5 important is the range of price changes, between a 

minimum price during an interval and the maximum price 
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during that interval. For a first interval of duration 
At beginning at time t 0 and a second interval of 
duration 4At beginning at time t 0 , one would expect the 
range 2 0 between minimum and maximum prices during the 
5 longer interval to be twice the range 21 between 

minimum and maximum prices during the shorter interval, 
if the changes produced by buying and selling occurred 
in a purely Brownian motion fashion. 

[0031] FIG . 3 is similar to FIG. 2, but range 30 is 
10 more than twice range 21. This is a situation where an 
outside force is tugging against the movement of price 
and distorting it from expanding at a uniform rate as 
depicted by the Brownian motion circle, and represents 
a price trend. In this particular case, the trend is 
15 upward, which can be seen from the magnitudes of the 
changes . 

[0032] FIG. 4 is similar to FIGS. 2 and 3, but 

range 40 is less than twice range 21. This is a 
situation where an outside force is constraining the 

2 0 movement of price and distorting it from expanding at a 

uniform rate as depicted by the Brownian motion circle, 
and represents a price congestion condition. 
[0033] Note that while the time intervals in 
FIGS. 2-4 are shown as being related by a multiple of 
25 4, with an expected price range multiple of 2, the 

multiple of the time intervals can have any value, with 
the expected price range multiple being the square root 
of the multiple of the time intervals. Moreover, if 
the price changes are being compared to a generated 

3 0 Brownian motion standard, then any time interval can be 

used. 

[0034] The graphs of FIGS. 2-4 can be represented as 
orbital models as discussed above. The condition of 
FIG. 2, in which the range of prices during the longer 
35 time interval is exactly twice the range during the 

shorter interval normally can be expected to exist for 
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only very short times, as conditions move between the 
other states shown in FIGS. 3 and 4. However, if the 
condition of FIG. 2 were to persist, it would signify 
that price changes were purely Brownian, with no 
5 congealed group of buyers or sellers acting to distort 
the inverse -square law effect. The abstract orbital 
representation of such a price-expansion condition 
would be a circle of arbitary radius (not shown) , 
representing an orbit around a single source of 

10 inverse- square law force, with no disturbing force. 

[0035] The more common price-expansion situations, 
illustrated in FIGS . 3 and 4, can be analogized to non- 
circular elliptical planetary orbits as discussed 
above, with the core inverse- square law Brownian motion 

15 "force" located at one focus of the ellipse in the role 
of the star, and the net effect of the distorting 
"force" resulting from the congealed group of buyers or 
sellers located at the second focus of the ellipse. 
The values calculated according to the present 

2 0 invention represent velocity along the elliptical 
orbit. Such a non-circular elliptical orbit 50 is 
shown in FIG. 5, with the Brownian "star" 51 at one 
focus, and the net effect of the distorting forces 
acting at a second focus 55. Just as in planetary 

25 mechanics, the orbiting body will sweep equal areas 
between itself and the "star" in equal times. 
Therefore, when the orbiting body is close to 
"star" 51, the orbital velocity will be high, and when 
it is far from "star" 51 the orbital velocity will be 

30 low. The high-velocity portion 52 of orbit 50 

represents conditions where the range of prices during 
the longer interval exceeds the range during the 
shorter interval by more than would be expected based 
on a "square root of time" relationship, while the low- 

35 velocity portion 53 of orbit 50 represents conditions 
where the range of prices during the longer interval 
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exceeds the range during the shorter interval by less 
than would be expected based on a "square root of time" 
relationship. The line 54 represents the points where 
the "square root of time" relationship is met exactly 
5 as one moves from region 52 to region 53 or vice-versa. 
To a gross approximation, if only one point were to be 
measured -- i.e., only one comparison between a shorter 
interval and a longer interval was made, region 52 
could be considered a price trend region, while 
10 region 53 could be considered a price congestion 

region. However, few useful predictions could be made 
based on one point . 

[0036] Somewhat better predictions could be made 
based on two points. If two consecutive points are 

15 taken (i.e., two comparisons between respective long 
and short intervals) , one can place current conditions 
in a particular quadrant of orbit 50. Thus, if two 
points are measured, both exceed the "square root of 
time" expectation, and the second is higher than the 

2 0 first, then the measured phenomenon -- whether a stock 
market or some other phenomenon including a natural 
phenomenon -- is in quadrant I (assuming a clockwise 
orbit) , meaning that it is in a trend condition and the 
trend is accelerating. If two points are measured, 

25 both exceed the "square root of time" expectation, and 
the second is lower than the first, then the measured 
phenomenon is in quadrant II (assuming a clockwise 
orbit) , meaning that it is in a trend condition but the 
trend is decelerating. 

30 [0037] If two points are measured, both are less 

than the "square root of time" expectation, and the 
second is lower than the first, then the measured 
phenomenon is in quadrant III (assuming a clockwise 
orbit) , meaning that it is in a congestion condition 

35 and decelerating into deeper congestion. If two points 
are measured, both are less than the "square root of 
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time" expectation, and the second is higher than the 
first, then the measured phenomenon is in quadrant IV 
(assuming a clockwise orbit) , meaning that it is in a 
congestion condition but is accelerating out of 
5 congestion toward a trend. 

[0038] Finally, one could be in a situation spanning 
two quadrants. If two points are measured, the first 
exceeds the "square root of time" expectation, and the 
second is less than the "square root of time" 

10 expectation, then the measured phenomenon has just 
crossed from a trend condition into a congestion 
condition. Similarly, if two points are measured, the 
first is less than the "square root of time" 
expectation, and the second is exceeds the "square root 

15 of time" expectation, then the measured phenomenon has 
just crossed from a congestion condition into a trend 
condition . 

[0039] The predictions that can be made using two 
points are qualitative -- e.g., "we are moving out of 

2 0 congestion toward a trend. " This is nevertheless 
useful. For example, if the measured phenomenon is 
stock price, and the determination is in quadrant IV, 
it may be a preferable time to buy (or sell) , because 
while the price is about to break out into a trend, it 

25 is still congested and therefore there may be willing 
sellers (or buyers) who do not yet realize that the 
price will soon turn around. 

[0040] One can determine the direction of the 
predicted trend based on the direction of movement of 

30 the actual price data at the time of transition from 
quadrant III to quadrant IV. That is the point where 
the congestion begins to decelerate. If at that point 
prices are moving up, the only way for the congestion 
to be decelerating is for the speed of price increase 

35 to slow until prices start to fall, meaning the coming 
trend will be a downward trend. If instead at that 
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point prices are moving down, the only way for the 
congestion to be decelerating is for the speed of price 
decrease to slow until prices start to rise, meaning 
the coming trend will be an upward trend. 
[0041] While qualitative predictions can be made, no 
quantitative prediction can be made, using two points, 
of how long it will take, for example, to break out of 
congestion. Such a prediction, however, may be made 
using three points, equally spaced in time. Actually, 
each point represents two time periods --a shorter 
interval and longer interval, as discussed above, but 
the emphasis here is that the time between the second 
and third measurement points should be the same as the 
time between the first and second measurement points. 
Because equal areas along ellipse 5 0 must be spanned in 
equal times, the area spanned between the second and 
third points must equal the area spanned between the 
first and second points. Moreover, one can then 
extrapolate and predict where one will be after one or 
more additional equal time intervals, by determining 
how far along the ellipse the measurement point must 
move during each time interval to sweep out the same 
area as was swept out between the first and second 
points and between the second and third points. 
Similarly, if one knows the time interval required to 
sweep a specific area, one can extrapolate and predict 
how long it will take to reach a specific point on the 
ellipse based on the total area to be swept to reach 
that point . 

[0 042] For any three orbital velocity points 
calculated according to the invention and evenly spaced 
in time, there will be only one elliptical eccentricity 
to which such orbital velocities can be fit so as to 
sweep equal areas in equal time. That ellipse can be 
found using tables of elliptical motion such as are 
commonly used by astronomers, and which may be found, 
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e.g., in Bauschinger, J., et al . , Tafeln zur 
theoretischen Astronomie , 2d ed. (Leipzig, 1934) . 
[0043] In the discussion so far, one set of 
measurements has been discussed, based on a particular 
5 duration -- e.g., one-minute/four-minute measurements, 
or one -hour/ four -hour measurements, or one -day/ four -day 
measurements, etc. However, additional information 
could be gleaned by taking multiple sets of 
measurements. Thus, one could, at every minute, take a 
10 one-minute/four-minute measurement, and a one-hour/ 
four-hour measurement, and a one -day/ four -day 
measurement, etc., thereby looking at long- and short- 
term patterns . 

[0044] Exemplary computer hardware apparatus 610 

15 with which the present invention may be implemented is 
shown in FIG. 6. In FIG. 6, which shows a first 
preferred embodiment of apparatus according to the 
invention, system 610 includes a computer 611 
comprising a central processing unit ("CPU") 620, a 

20 working memory 622 which may be, e.g., RAM (random- 
access memory) or "core" memory, mass storage memory 
624 (such as one or more disk drives or CD-ROM drives) , 
one or more cathode- ray tube ("CRT") display 
terminals 626, one or more keyboards 628, one or more 

2 5 input lines 63 0, and one or more output lines 64 0, all 
of which are interconnected by a conventional 
bidirectional system bus 650. 

Input hardware 636, coupled to computer 611 
by input lines 630, may be implemented in a variety of 

30 ways. Modem or modems 632, which also may be routers 
or other computer- to- computer communications devices, 
connected by a telephone line or dedicated data line 
(such as a Tl or T3 line) 634 can be used to allow the 
system to obtain real-time (or near-real- time) data, 

35 such a stock price data, from a source such as a direct 
feed from one of the recognized stock exchanges, or a 
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feed from a business data service. Modems/routers 632 
also may be used to allow access through the Internet 
or other public access network. Alternatively or 
additionally, the input hardware 630 may comprise 
5 CD-ROM drives or disk drives 624, particularly for 

input of historical data (in case a user wants to plot 
data over long periods such as years. In conjunction 
with display terminal 626, keyboard 628 may also be 
used as an input device, particularly to select the 

10 time periods to be plotted. 

Output hardware 646, coupled to computer 611 
by output lines 64 0, may similarly be implemented by 
conventional devices. By way of example, output 
hardware 646 may include CRT display terminal 62 6 for 

15 displaying the values of the ratios for the selected 
periods, or the graphical representation of those 
values on an ellipse if desired. Output hardware 646 
might also include a printer or other printing device 
642, so that hard copy output may be produced, or a 

2 0 disk drive 624, to store system output for later use. 

Finally, output hardware 646 includes the necessary 
hardware to make the output data available to 
subscribers over modems or routers 632. 
[0045] As stated above, implementation of the 
25 present invention may be computationally intensive. 
For example, in a preferred embodiment, every minute 
the system must calculate the ratio of the range over 
the previous four minutes to the range over first of 
those four minutes, for every index and individual 

3 0 stock or other instrument being tracked. This is in 

addition to similar calculations done hourly for the 
preceding four hour period, daily for the preceding 
four day period, etc. This can be achieved in a 
preferred embodiment by having subscribers allow their 
35 computers 660 to be used, while they are connected to 
the system, to perform some of the calculations during 
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processor idle time. This could be required by the 
subscription agreement, or it could be optional, with a 
discount offered to those who allow their computers to 
be used. 

5 [0046] Such a distributed computing system can be 
implemented using the FRONTIER™ distributed computing 
platform available from Parabon Computation, Inc., of 
Fairfax, Virginia, with subscriber computers 66 0 
running the PIONEER™ client software, also from Parabon 

10 Computation, Inc. The PIONEER™ software functions as, 
or in place of, a "screen saver" program, processing 
data during periods when the system would otherwise be 
idle, and returning the results to the FRONTIER™ 
platform via the Internet or other data network to 

15 which computers 660 are attached. 

[0047] In operation, CPU 620 coordinates the use of 
the various input and output devices 63 6, 646, 
coordinates data accesses from mass storage 624 and 
accesses to and from working memory 622, and determines 

20 the sequence of data processing steps. CPU 620 

preferably also directs the parcelling out of data to 
subscribers' computers 660 for processing, and the 
collection and aggregation of processed data returned 
by subscriber computers 660. 

25 [0048] Whether performed solely on computer 611 (or 
on a plurality of computers co- located with 
computer 611) , or whether performed on a distributed 
basis such as on subscriber computers 660 as just 
described, each computer would, for a given measurement 

3 0 point, examine all recorded values between four (for 

example) time units prior to the measurement point and 
three time units prior to the measurement point of the 
price or index to be measured, and compute the 
difference between the maximum and minimum values 

35 during that interval. The computer would then multiply 
that result by two to obtain the expected range between 
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the longer time interval between four time units prior 
to the measurement point and the measurement point . 
The computer would then examine all recorded values of 
the price or index to be measured during that longer 
5 interval, and again compute the difference between the 
maximum and minimum values during that interval to 
obtain the actual range. The actual range would then 
be compared to the expected range as described above. 
[0049] Alternatively, computer 611 or each 

10 individual subscriber computer (not shown) could be 
equipped with a Brownian motion standard chip as 
described above, which would allow a direct comparison, 
for any time interval, between the actual and expect 
range of change of the price or index to be measured. 

15 For example, the random number generator provided in 
the Intel® 810 chipset, from Intel Corporation, of 
Santa Clara, California, generates a non-deterministic 
"random" stream of numbers from thermal noise from a 
resistor. This stream of numbers, based on thermal 

2 0 noise, is in fact a Brownian motion standard. 

[0050] The results of the data comparisons according 
to the invention may be displayed to users or 
subscribers in a number of ways. For example, as shown 
in FIG. 7, and particularly if the Brownian motion 

25 standard is used, the results may be displayed by 
graphing the expected Gaussian bell curve 7 0 
representing a normal distribution, and then 
superimposing a curve 71 representing actual 
conditions. These curves would be for a specified time 

30 interval, such as the four-minute interval if one- 
minute/four-minute measurements are used, or the four- 
hour interval if one-hour/four-hour measurements are 
used. The curves would show the relative number of 
occurrences (each representing one transaction) of 

35 normalized price changes about a mean value, which can 
be expected to be zero. Thus, preferably, the peaks of 
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curves 70 and 71 would represent the normalized number 
of occurrences, or expected occurrences, of price 
changes of zero magnitude, and the abscissa preferably 
would be labelled with the number of standard 
5 deviations above or below zero. The ordinate 

preferably would be labelled in percentages, with 100% 
representing the peak of Gaussian curve 70. 
[0 051] If the graph in FIG. 7 represents data 
captured during a sufficiently long interval -- e.g., 

10 four hours, the number of data points (transactions) 
should be sufficient to generate curve 71 with 
confidence. However, if there are too few data points 
(e.g., the interval is short, such as four minutes, and 
there are too few transactions) , then well-known 

15 conventional "bootstrapping" techniques can be used 

generate a curve 71 from the available data. In such a 
case, there would be some uncertainty in the curve. 
This could be displayed to the user by, e.g., 
displaying a band (not shown) of a different color 

2 0 about curve 71, with the width of the band representing 

the margin of error of curve 71. 

[0 052] Alternatively, as shown in FIG. 8, the 
ellipse 50 described above can be displayed, with a 
highlighted point 80 representing the present, and 

25 points 81 representing past measurements. In addition, 
the eccentricity of the ellipse would reveal the 
relative size of the congealed group of buyers/sellers 
("dissenters") as compared to the Brownian core of 
market participants ("majority"). For example, if the 

30 ellipse is close to circular, then the number of 
dissenters is small and any apparent trends may be 
statistically insignificant, while if the ellipse is 
highly elongated, the number of dissenters is very 
large and it may be too late to join the trend (most of 

3 5 the gains may have already occurred) . 
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[0 053] Additional information (not shown) could be 
indicated on the display of FIG. 8. For example, 
indicia identifying halves of ellipse 5 0 representing 
congestion and trend situations, or even quadrants, as 
5 described above, representing accelerating trend, 

decelerating tend, decelerating (deepening) congestion, 
and accelerating (lessening) congestion, could be 
displayed to assist users in interpreting the display. 
[0054] As in the case of the display of FIG. 7, the 

10 display of FIG. 8, the data used to create ellipse 50 
may be insufficient to give full confidence in the 
result. For example, if each point 81 is based on data 
taken during a short time period, then the location of 
each point may have a sufficient margin of error to 

15 introduce some uncertainty into the fit of points 81 
onto an ellipse. In such a case, any uncertainty in 
the elliptical path could be represented by a band of a 
different color as described in connection with FIG. 7. 
[0055] Finally, in a particularly preferred display 

20 shown in FIG. 9, a simple line graph 90 showing the 
value of the measured price or index (e.g., the Dow 
Jones Industrial Average ("DJIA")) as a function of 
time can be provided. Superimposed on this line 
graph 90, perhaps in a different color, can be a pair 

25 of bars 91 representing the expected range of the 
depicted price or index over various measured time 
intervals. Thus, if the graph is a daily graph of the 
DJIA, the measured time intervals might be overlapping 
four-day intervals, each beginning one day apart. The 

3 0 effect would be a band 92 representing the expected 
range of the DJIA superimposed on the graph 90 of the 
DJIA itself. Note that in FIG. 9, the bars 91 forming 
band 92 are shown only for the first few time intervals 
on the graph to avoid cluttering the graph. 

35 [0056] As long as the DJIA value remains inside 

band 92, things are as expected. However, if the value 
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moves outside band, it may signal a trend which is 
upward if the value is above the band or downward if 
the value is below the band. 

[0 057] Although not shown, a display integrating two 
5 or more of the displays of FIGS . 7, 8 and 9 could be 
provided. 

[0058] Thus it is seen that a model of market 
activity that explains the non-normal distribution of 
such activity, and a technique for market prediction 

10 based on that model, has been provided. One skilled in 
the art will appreciate that the present invention can 
be practiced by other than the described embodiments, 
which are presented for purposes of illustration and 
not of limitation, and the present invention is limited 

15 only by the claims which follow. 



